
1

High Performance Transport for
Real-time and Quasi-Realtime

Applications

http://www.haystack.mit.edu

MIT Haystack
Observatory, USA

MIT Haystack
Observatory, USA

MIT Computer Science
and Artificial

Intelligence Laboratory,
USA

awhitney@haystack.mit.edudlapsley@haystack.mit.edujtw@lcs.mit.edu

Alan WhitneyDavid LapsleyJohn Wroclawski

• Very Long Baseline Interferometry (VLBI)
– e-VLBI
– e-VLBI Data/Transmission requirements
– e-VLBI Model

• present and future

• Experiment Guided Adaptive Endpoint (EGAE)
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Traditional VLBI
The Very-Long Baseline
Interferometry (VLBI)
Technique
(with traditional data recording
on magnetic tape or disk)

The Global VLBI Array
(up to ~20 stations can be used
simultaneously)

Chautauqua 2001

Quasars, hotspots, polarization

VLBI astronomy example

ASTRONOMY
•  Highest resolution technique available to
   astronomers – tens of microarcseconds
• Allows detailed studies of the most distant
   objects

GEODESY
• Highest precision (few mm) technique

available for global tectonic measurements
• Highest spatial and time resolution of

Earth’s motion in space for the study of
Earth’s interior

•Earth-rotation measurements important
 for military/civilian navigation
•Fundamental calibration for GPS constellation
 within Celestial Ref Frame

VLBI Science

Plate-tectonic motions from VLBI measurements
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Typical e-VLBI Data
Requirements

~ 7 TB~ 1 TBTotal data collected
(/station/day)

> geodesy14-151
Current Turnaround time

(days)

55
Tolerable loss

(%)

1024256Data rate(Mbps)
50-7530-50% Observation Time

Up to 207 (nominal)Telescopes

Blocks of several
contiguous days24/weekDuration(hours)

AstronomyGeodesyDescription

Typical e-VLBI
Data/Transmission Requirements

0.989.8432.844324CRF22

1.0910.936.248924CRF23

1.2112.140.254324T2023

0.089*0.892.96401Intensive

2.2222.274.1100024Geodesy

15.6156519700024xNAstronomy

Transmission
Time (hours)
(@1 Gbps)

Transmission
Time (hours)
(@100 Mbps)

Transmission
Time (hours)
(@30 Mbps)

Data
(GB/day)

Length
(hours)

Experiment

*  = projected  based on near-Gbps experiment
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e-VLBI Model

VSI-E over RTP Strawman
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Experiment Guided Adaptive
Endpoint

• Interfaces VLBI hardware to IP networks, transmits
and receives VLBI data

• Uses several techniques to provide efficient,
economical transport of data:
– Multi-dimensional performance optimization
– Protocols for high speed, quasi-real-time transport
– “Scavenged” bandwidth
– Adapts transmission rates to suit network congestion
– Allows characteristics of adaptive behavior to be

determined by high level experimental profile

EGAE Functionality
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EGAE Optimization Algorithm

EGAE Optimization Goal
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EGAE Benefit Function

r_v=512e6, r_n=512e6, b_v=44.2e12, d_max=86,400, l_max=2.2e12

EGAE Optimization Solution
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EGAE Simulation Results

r_v=512e6, r_n=512e6, b_v=44.2e12,d_max=86,400,l_max=2.2e12

Summary
• e-VLBI:

– Large, real-time, loss tolerant flows, some delay
tolerance

• VSI-E Framework for e-VLBI Data Transfers
• Experiment Guided Adaptive Endpoint

– VSI-E Interface
– RTP Transport Proposal
– EGAE Optimization Algorithm under development
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Thank you

David Lapsley
dlapsley@haystack.mit.edu


